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Is it possible to predict the blood volume of a sick preterm
infant?
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Objective: To investigate the relation between the measured intravascular blood volume (BV) and current
methods of indirectly assessing BV status in sick preterm infants on the first day of life.
Methods: Thirty eight preterm infants of gestation 24–32 weeks (median 30) and weight 480–2060 g
(median 1220) were studied. Red cell volume was measured by the fetal haemoglobin dilution method in
six infants and by the biotin labelled autologous red cell dilution method in the remaining 32. Total BV was
calculated by dividing red cell volume by packed cell volume. Indirect assessments of BV status using heart
rate (HR), core-peripheral temperature difference, mean arterial pressure, base excess, and packed cell
volume were recorded.
Results: The mean (SD) initial measured BV was 71 (12) ml/kg (range 53–105). The mean HR was
148 beats/min (range 130–180), which correlated positively (r = 0.39, p = 0.02) with BV (higher HR
was associated with higher BV). The mean base excess was 23.19 mmol/l (range 218 to +6.2). The
negative base excess correlated significantly positively (r = 0.41, p, 0.01) with BV (more acidotic babies
tended to have higher BV). There was no significant correlation between core-peripheral temperature
difference, mean arterial pressure, or packed cell volume and BV. Regression analysis showed that base
excess and HR were significantly related to BV; base excess alone can predict variability in BV only to17%,
and base excess with HR can predict variability in BV to 29%.
Conclusion: The conventional clinical and laboratory indices are poor predictors of measured blood
volume.

T
he clinical question often arises ‘‘does the sick preterm
infant need volume expansion or fluid restriction?’’ It has
been suggested that it would be easier to sort out which

intravenous fluid to use for volume expansion than to decide
to whom it should be given and when.1 There is widespread
clinical acceptance of the rather simplistic concept that
hypovolaemia can be suspected from a combination of
hypotension, tachycardia, falling packed cell volume (PCV),
and metabolic acidosis. However, Ebert et al2 have shown
that, in healthy adult volunteers, clinical symptoms or signs
of hypovolaemia are not seen despite the loss of up to 15–20%
of total blood volume (BV), even on rapid removal of the
blood within 6–13 minutes. Shippy et al3 have reported that,
in critically ill adults, the commonly monitored variables such
as mean arterial pressure (MAP), central venous pressure,
pulmonary artery wedge pressure, heart rate (HR), PCV, and
cardiac output are not of themselves reliable reflections of
intravascular volume status.
Haematological variables involved in oxygen delivery4 5

include haemoglobin concentration or PCV, red cell volume
(RCV), and BV. In sick infants with impairment of capillary
integrity, RCV and plasma volume tend to fall and fluctuate
because of extravasation of components of the plasma, so
BV cannot be predicted accurately from PCV/haemoglobin
concentration.6 In preterm infants, BV strongly influences the
development of postnatal lung function7 and outcome.8–10

The aim of this study was to find out whether the current
methods of indirect assessment of BV status in sick preterm
infants correspond with the directly measured intravascular
volume.

PATIENTS AND METHODS
Thirty eight babies born in The Queen Mother’s Hospital,
Glasgow were included in the study. The median gestational
age of the study population was 30 weeks (range 24–32), and

median birth weight was 1220 g (range 480–2060). The mode
of delivery was caesarean section in 19 infants (11 male) and
vaginal in 19 infants (9 female). Antepartum haemorrhage
had occurred in 10 cases. The time of clamping of the
umbilical cord was variable (10–90 seconds). Twenty infants
were ventilated (median oxygen 50% (21–95%)), six were
receiving nasal continuous positive airway pressure (median
oxygen 21% (21–40%)), and the rest were stable in air or
low flow oxygen. One infant was receiving dopamine, four
received plasma protein solution (for poor perfusion), and
five received fresh frozen plasma (in three cases for poor
perfusion and in two cases for deranged coagulation) within
four hours of birth. None of the infants had received blood
transfusion or colloid infusion before BV measurement and
collection of the clinical and laboratory indices. Thirty five
infants had blood cultures performed soon after birth but all
proved negative. The study was approved by the hospital
ethics committee; informed written parental consent was
obtained.

Measurement of BV
RCV was measured using the fetal haemoglobin dilution
method11 in six babies receiving blood transfusion, and by the
biotin labelled autologous red cell dilution12 method in the
remaining 32 babies. RCV was measured within six hours of
birth in 33 infants and within 24 hours in the rest. Total BV
was calculated by dividing RCV by PCV determined using a
venous or arterial sample within four hours of birth.
The highest documented core-peripheral temperature

differences (c-pT), HR, and base excess and the lowest
recorded intra-arterial MAP during the first six hours were

Abbreviations: BV, blood volume; c-pT, core-peripheral temperature
difference; HR, heart rate; MAP, mean arterial pressure; PCV, packed
cell volume; RCV, red cell volume
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used. The base excess was estimated on arterial, capillary,
and venous blood in 21, 14, and 3 infants respectively.

Statistical analysis
The dependence between each of the potential explanatory
variables (HR, c-pT, MAP, base excess, and PCV) and BV was
measured by Pearson’s sample correlation coefficient and
assessed for significance by the corresponding t test of zero
correlation. Stepwise multiple regression using both forward
and backward variable selection techniques was used to
identify which, if any, of these potential explanatory vari-
ables could be used collectively to predict BV.

RESULTS
The mean (SD) initial BV was 71 (12) ml/kg (range 53–105).
Mean HR was 148 beats/min (range 130–180). HR correlated
positively with BV; higher HR was associated with higher BV
(table 1, fig 1A). The mean base excess was 23.19 mmol/l
(range 218 to +6.2). The negative base excess correlated

significantly positively (r = 0.41, p , 0.01) with BV (fig 1D,
table 1); more acidotic babies tended to have higher BV. The
c-pT ranged from 0.5 to 3 C̊ (mean (SD) 1.28 (0.7)). Intra-
arterial MAP ranged from 27 to 50 mmHg (mean 39). The
PCV at birth ranged from 0.4 to 0.68 (mean 0.5). There was
no significant correlation between c-pT, MAP, or PCV and BV
(table 1, figs 1B,C,E).
Stepwise multiple regression analysis showed that the

base excess and HR were significantly related to BV. The
base excess on its own explains 17% of the variability in
BV, and this was only increased to 29% when HR and base
excess were used together. On further analyses excluding two
observations with large BV, even the HR (r = 0.10, p = 0.56)
and base excess (r = 21, p = 0.23) lose the significant
correlation with BV.

DISCUSSION
Commonly monitored variables such as MAP, HR, base
excess, and PCV are necessary for the management of sick

Figure 1 Plots of blood volume against
each of the potential explanatory
variables. c-pT, Core-peripheral
temperature difference; MAP, mean
arterial pressure; PCV, packed cell
volume.
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preterm infants. The data from this study show that they do
not predict measured BV at all well. PCV, which represents a
ratio of red cells to plasma in the blood, correlates with RCV
in healthy subjects. However, not only after acute blood loss,
but also in many sick patients with impairment of capillary
integrity, plasma volume fluctuates and falls because of
extravasation of plasma components, and so BV cannot be
accurately predicted from PCV.5 12

The mean BV of the preterm infants in this study was low,
71 ml/kg (predicted normal . 90 ml/kg).5 13 Published data
on BV of preterm infants of 24–32 weeks gestation are
negligible. Mollison et al14 reported that the average BV was
84.7 ml/kg (range 68.5–100.3) using a 51Cr labelled red cell
method in full term healthy babies within 24 hours of birth.
Nelle et al15 comparing BV in full term babies whose umbilical
cords were clamped either early or after a delay found mean
(SD) values of 70 (9) ml/kg (early) and 90 (8) ml/kg (delayed).
This was based on measured placental residual BV deducted
from an assumed total fetoplacental BV of 115 ml/kg. Leipala
et al16 studied preterm infants born at 26–31 weeks gestation
who needed blood transfusions, and reported that BV was
70 (9) ml/kg in appropriately grown babies (n = 6) and 70
(16) ml/kg in babies who were small for gestational age
(n = 17).
Hypovolaemia may cause tachycardia and metabolic aci-

dosis in children and adults. However, we found no clinically
helpful correlation between BV and HR or base excess.
Leipala et al16 also found no correlation between HR and BV
in preterm infants who had been judged to need blood trans-
fusion. Theye and Tuohy17 reported that there was no correla-
tion between BV and HR in adult patients undergoing major
surgery. It is interesting to note that none of the babies in this
study with low BV had negative base excess . 8, but two
babies with normal BV had a negative base excess of . 10.
Most did not have negative base excess values that would
cause clinical concern in spite of having low BV. There are no
comparative published data correlating BV and base excess.
There was no correlation between BV and c-pT in this

study. Lambert et al18 reported moderate correlation between
plasma arginine vasopressin concentration and c-pT, but no
correlation between plasma arginine vasopressin and blood
pressure before and after volume expansion in preterm
infants. Our findings are similar to other reports in which
there was no correlation between c-pT and haemodynamic
variables such as cardiac index, central venous pressure,
systemic vascular resistance index, stroke volume index, or
lactate concentration in children and adults undergoing
intensive care.19–22 It has been suggested that management
of shock using temperature gradient as a measure of the
patient’s haemodynamic status is irrational and may be
unsafe.19 21

PCV did not predict BV well in this study. Babies with PCV
of 0.41 had BV ranging from 50 to 105 ml/kg (fig 1E), and
this accords with findings in previous reports.8 11 12 There was

no correlation between BV and blood pressure in this study,
but Linderkamp et al23 found a weak correlation between BV
and blood pressure in a combined group of preterm and term
infants. However, it is well documented that clinical
hypotension appears only when there has been substantial
volume loss.2 24

Measuring BV by the fetal haemoglobin dilution method11 12

and the biotin labelled autologous red cell dilution method25–27

has been well validated. However, studies of reproducibility
and repeatability of these methods of BV measurement in
human subjects have not been described because of ethical
and practical constraints. Many validated BV methods have
been reported in physiological studies of the circulation,
despite this inevitable limitation.14 16 28 29 The methods reported
here are technically complex and time consuming, hence not
practical for routine clinical use. Measurement of BV by the
fetal haemoglobin dilution technique is applicable when a
baby receives a blood transfusion, but cannot be used after
one or two transfusions as autologous fetal haemoglobin is
replaced.
Thirty three infants had BV measured during the six hour

period of surrogate clinical monitoring data collection. In
infants whose BV was determined between six and 24 hours
after birth, the measured BV may not represent the exact
circulating BV at the time that the rest of the data were
collected—that is, during the first six hours. However, there
was no clinical evidence of oedema, suggesting no significant
capillary leak, and insensible water loss would have been
minimised by nursing in closed humidified incubators. The
recorded BV for these babies is the sum of the measured BV
and the volume of sampling blood loss from birth until the
time of BV measurement.
It could be argued that values of about 70 ml/kg may be

sufficient for this study population, thus explaining the lack
of clear impact of measured ‘‘low’’ BV on the commonly
monitored variables used for assessment of intravascular
volume status. However, recalling that, in healthy subjects,
BV expressed per kg lean body mass is 100 ml, one must
question seriously the adequacy of such a striking discre-
pancy in these relatively hypovolaemic critically ill infants.
The question remains do such BV values represent a threat to
the sick preterm infant’s circulation, tissue perfusion, and
outlook?

CONCLUSION
Our ability to assess BV using conventional clinical and
laboratory evaluation is poor.
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